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Abstract : (E)-3-Hydroxy-1-alkenyl p-tolyl sulfones (1) reacted with a hexafluoropropene-diethylamine
adduct (PPDA) to afiord a-fuoro-a<trifluoromethyl)-g-{(p-tolylsulbnyl)methyl}-y -lactones (2). This
reaction is so stereoselective that only one diastereomer of 2 is detected in the reaction mixture. A
plausible mechanism for this intriguing reaction is discussed. © 1997 Elsevier Science Lid.

Fluorinated organic compounds are well known to usually show unique chemical and biological
properties so that many types of the functionalities involving fluorine atom(s) are utilized for useful materials
such as biologically active compounds,! ferroelectric liquid crystals,2 and piezoelectric materials.3 Up to
date, various methods have been developed for introducing fluorine atom(s) into organic molecules, and some
excellent papers have appeared for the preparation of fluoro(trifluoromethyl)methy lene-containing
compounds (A) and their utilization® Here we wish to describe a novel, stereospecific formation of a-
fluoro-a-trifluoromethy I-B-(p-toly Isulfony Iymethy l-y-lactones  (2), which have a fluoro(trifluormethy1)-
methy lene moiety, starting from (E)-y-hy droxy -a, B-unsaturated sulfones (1). Notably, optically active y-
lactones (2) can be prepared by the present reaction (vide infra). Since the y-lactones

F CF
(2) possess a p-tolylsulfonyl group and a reactive carbonyl group adjacent to strong }4 3
electron-withdrawing F and CF3 groups, the present reaction is anticipated to open a R” * 'R
novel sy nthetic route to many kinds of fluoro(trifluoromethy l)-methy lene-containing (A)
materials.
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In order to prepare 3-fluoro-1-butenyl p-tolyl sulfone, we treated (E)-3-hydroxy-1-butenyl p-tolyl
sulfone (1a) with a hexafluoropropene-diethy lamine adduct (PPDA) which can be utilized as a reagent for
fluorinating some alcohols.5  To our surprise, the substitution of the hydroxy1 group by the fluorine atom did
not occur, but y-lactone 2a was produced. Interestingly, the reaction was stereospecific enough to give only
one diastereomer of 2a. To a solution of 1a (1.0 mmol) in dry dichloromethane (10 ml), a solution of
PPDA (1.2 mmol) in dry dichloromethane (2 ml) was dropwise added over 15 min under ice-cooling. The
resulting solution was stirred for 3.5 hat 18 °C. The reaction was quenched with water (5 ml) and extracted
with dichloromethane. The organic layer was dried (MgSOg4), evaporated, and chromatographed
(GPC/CHCI3 and silica gel column/hexane-AcOEt 2:1) to give 2a (517 mg; 72% yield) along with the starting
1a (16%). HPLC and 'H NMR analyses showed that 2a was produced as only one diastercomer. The
structure of 2a was elucidated by a single crystal X-ray crystallography:® The B-(p-Tolylsulfony )ymethyi
group is located anti to the a-fluoro and y-alkkyl groups. In a similar manner, the ethyl and isopropy!
analogues 2b and 2¢ were obtained in 73% and 68% y ields, respectively, from the corresponding 1. In every
case, y-lactone 2 was also produced as one diastereomer. (E)-3-Hydroxy-1-propenyl p-tolyl sulfone (1d)
that has no alkyl substituent at its y-position gave y-lactone 2d as a single diastereomer in 74% yield. The
single crystal X-ray structural analy sis revealed that 2d retained the anti stereochemical relationship between
the a-fluoro and B-(p-tolylsulfonyl)methyl groups.®

The present stereospecific formation of the y-lactone ring seems to be limited to acyclic 3-hydroxyl-1-
alkeny| sulfones represented by the formula 1, which has at least one hydrogen at the y-position. Thus, (E)-
3-hydroxy-3-methyl-1-buteny] p-tolyl sulfone did not give the expected y-lactone, but 3-fluoro-3-methyl-1-
buteny! p-tolyl sulfone was formed in 73% yield. Similar treatment of 3-hydroxy-1-cyclohexenyl p-tolyl
sulfone with PPDA gave 3-fluoro-1-cyclohexenyl p-tolyl sulfone in 62% yield.
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The stereospecificity in the reaction of 1 with PPDA was confirmed by that of (Z)-3-hydroxy-1-
buteny! p-tolyl sulfone (3). When 3 was treated with PPDA in dry dichloromethane, a new y-lactone (4)
was obtained as the main product (30% yield) together with 2a (13% yield) and the fluorinated product §
(20% yield). The stereochemistry of 4 was also assigned by X-ray crystallography.6

Recently. Carretero and Dominguez reported an efficient preparation of optically active y-hy droxy -a, 8-
unsaturated sulfones using lipase PS-cataly zed transesterification.”  Hence, we applied the present reaction
to (S)-1a (99%ee). Fortunately, no racemization occurred and (2R,35,45)-2a was afforded in 73% yield with
a high enantioselectivity of 99%.8
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Finally, we wish to present a plausible mechanism (Scheme 1) for the stereospecific reaction of 1 with
PPDA to form the y-lactones (2), although conclusive evidence for this is unavailable at the present time.
The key intermediate is an enamine (8) that is derived from 1 and PPDA.
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Scheme 1. A plausible mechanism for the formation of 2 from 1.
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Fig. 2. Molecular orbital calculation of a model compound (11)

By the molecular orbital calculation of a model enamine (11) with a PM3 method (Figure 2),9 the (E)-
geometric isomer was shown to be more stable by 0.9 kcal mol-! than the (Z)-isomer, suggesting that the
intermediary (8) prefers the (E)-geometry. In (£ E)-8, the enamino group attacks intramolecularly on the -
carbon of the o,B-unsaturated sulfone part in such a manner that the trifluoromethyl group avoids the p-
tolylsulfonyl group. This addition gives rise to the cis relationship between the trifluoromethyl and (p-
toly Isulfony )methy1 groups on the newly -formed five-membered ring.  The final hy droly sis (workup) of the
resulting cyclization product (10) produces the y-lactone (2).

In conclusion, we found the stereospecific formation of o-fluoro-a-(trifluoromethyl)-g-[(p-
toly Isulfony )methy1}-y-lactones (2) from (E)-3-hydroxy-1-alkenyl p-tolyl sulfones (1) by the action of
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hexafluoropropene-diethy lamine adduct (PPDA). Now we are investigating the nucleophilic addition of
organometallic compounds to 2 in order to develop a novel method for synthesizing fluoro(trifluoromethyI)-

methylene-containing materials.
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